


















$S$ , $G$ $S$ , $H$ $G$ $S$
$\text{ }$ . $G$ $H$ $\mathrm{E}\mathrm{x}\mathrm{t}_{S}^{1}$ (G, $H$) ,
, $G$ $H$ $\mathrm{E}\mathrm{x}\mathrm{t}_{S}^{1}$ (G, $H$) Hochschild cohomoloy
$H^{2}(G, H)$ , , $G$ $G$ $H$
$H^{2}(G, H)$ Hochschild cohomology $H_{0}^{2}(G, H)$
, $S=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}K$ ($K$ )
, Demazure-Gabriel [1] .
, , G $\mathrm{G}_{m}$
.
$A$ ,
[2] $H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})=0$ , $A$ $\mathrm{F}_{p}$




, $A$ $\mathrm{F}_{p}$ , $H^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})/H_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$
$H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})/H_{0}^{2}$( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,A) . , $A$
$\mathrm{F}_{p}$ , G $\hat{\mathrm{G}}_{m}$ , G $\mathrm{G}_{m}$
.
2
2.1. $p$ , $A$ $\mathrm{F}_{p}$ , $W$ (A) $A$ Witt vector
, $F$ : $W(A)arrow W$ (A) Frobenius . ,
$E_{p}(T)= \exp(\sum_{-\cap}^{\infty}\frac{T^{p^{r}}}{p^{r}})\in \mathbb{Z}_{(p)}[[T]]$ : Artin-Hasse exponential series
, $a\in W$ (A) , $E_{p}$ (a; $T$) $= \prod E_{p}(a_{r}T^{p^{r}})$ $<$ .
$r>0$
2.2. $A$ . $Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A}),$ $Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,A), $B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})$
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$Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)=\{F(X, \mathrm{Y})\in A[X\mathrm{Y}]^{\cross}\}$ ; $F(X,\mathrm{Y})F(X+\mathrm{Y},Z)=F(X, \mathrm{Y}+Z)F(\mathrm{Y}, Z)\}\mathrm{l}$
$Z_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)=\{\begin{array}{llllll} F(X,Y)F(X+Y Z) F(X,Y)\in A[X,Y]^{\cross} . =F(X Y+Z)F(\mathrm{Y} Z) F(X,Y)= X)F(Y \end{array}\},$
$B^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,$A$ ) $= \{\frac{F(X)F(\mathrm{Y})}{F(X+\mathrm{Y})}$ ; $F(T)\in A[T]^{\mathrm{x}}$ }
. ,
$B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)\subset Z_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)\subset Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)$
, Hochschfld cohomology Hochschild cohomology
$H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)=Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)$ /B2 $(\mathrm{G}_{a,A}, \mathrm{G}_{m},A)$ ,
$H_{0}^{2}$ (Ga, $\mathrm{G}_{m,A}$ ) $=Z_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})/B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})$
<.
$Z$ (Ga,A, $\mathrm{G}_{a,A}$ ), $Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,A) $\rangle B^{2}$ ( $\mathrm{G}_{a_{\mathrm{I}}A},$ $\mathrm{G}$a,A)
$Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)=\{F(X, \mathrm{Y})\in A[X, \mathrm{Y}]\mathrm{i}F(X,\mathrm{Y})+F(X+\mathrm{Y},Z)=F(X,\mathrm{Y}+Z)+F(\mathrm{Y}, Z)\}$ ,
4 $(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)=\{\begin{array}{llllll} F(X\mathrm{Y}))+F(X+Y Z) F(X,Y)\in A[X,Y]) =F^{\urcorner}(X\mathrm{Y}+\rangle Z)+F(\mathrm{Y} Z) F(X \mathrm{Y})=F(Y,X) \end{array}\},$
$B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)=\{F(X)+F(\mathrm{Y})-F(X+\mathrm{Y}) ; F(T)\in A[T]\}$
. ,
$B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)\subset Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a, $A$ ) $\subset Z^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,$A$ )
, Hochschild cohomology Hochschild cohomology
$H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})=Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})/B^{2}$( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,A),
H02(Ga, $\mathrm{G}_{a,A}$) $=Z_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})/B^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})$
$<_{1}$
, :
1) $H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})$ , $\mathrm{G}_{a,A}$ $\mathrm{G}_{m,A}$ $A$-scheme split
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.
2) $H_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,A) , G ,$A$ $\mathrm{G}_{m,A}$ $A$-scheme split
.
3) $H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})$ $\mathrm{G}_{a,A}$ $\mathrm{G}_{a,A}$ .
4) q(G ,A, $\mathrm{G}_{a,A}$ ) $\mathrm{G}_{a,A}$ $\mathrm{G}_{a,A}$ .
2.3. $A$ . $Z^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A), $Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{m,A}$ ), $B^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{m,A}$ )
$Z^{2}$ ( $\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}$m,$A$ ) $=\{\begin{array}{llllllll} F(X Y)\equiv 1 \mathrm{m}\mathrm{o}\mathrm{d} \mathrm{d}\mathrm{e}\mathrm{g}1F(X,Y)\in A[[X,\mathrm{Y}]]^{\mathrm{x}} . F(X,Y)F(X+Y Z) =F(X,\mathrm{Y}+Z)F(Y Z)\end{array}\},$
$Z_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})=\{\begin{array}{llllll} F(X,\mathrm{Y})\equiv 1 \mathrm{m}\mathrm{o}\mathrm{d} \mathrm{d}\mathrm{e}\mathrm{g}1F(X,Y)\in A[[X,Y]]^{\mathrm{x}} . F(X,\mathrm{Y})F(X+Y,Z) =F(X,Y+Z)F(Y,Z) F(X,\mathrm{Y})=F(\mathrm{Y},X) \end{array}\}$
$\}$
$B^{2}( \hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)=\{\frac{F(X)F(\mathrm{Y})}{F(X+\mathrm{Y})}$ ; $F(T)\in A[[T]]^{\mathrm{x}},$ $F(T)\equiv 1$ mod $\deg 1\}$
. ,
$B^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)\subset Z_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)\subset Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)$
, Hochschfld cohomology Hochschfld cohomology
$H^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{rn,A}$ ) $=Z^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{m,A}$ ) $/B^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A),
$H_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},\tilde=Z_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)$/B2 $(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$
$<$ .
$Z$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{a,A}$ ), $Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^a,A), $B^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^a,A)
$Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a},A)=\{\begin{array}{lllllll} F(X,\mathrm{Y})\equiv 0 \mathrm{m}\mathrm{o}\mathrm{d} \mathrm{d}\mathrm{e}\mathrm{g}1 F(X,Y)\in A[[X,Y]] . F(X,Y)+F(X+Y Z) =F(X,Y+Z)+F(Y Z)\end{array}\},$
$Z_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a},A)=\{\begin{array}{llllll} F(X,\mathrm{Y})\equiv 0 \mathrm{m}\mathrm{o}\mathrm{d} \mathrm{d}\mathrm{e}\mathrm{g}1F(X,\mathrm{Y})\in A[[X,\mathrm{Y}]] . F(X,\mathrm{Y})+F(X+Y,Z) =F(X,Y+Z)+F(\mathrm{Y},Z) F(X,\mathrm{Y})=F(\mathrm{Y},X) \end{array}\},$
$B^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a},A)=$ { $F(X)+F(\mathrm{Y})-F(X+\mathrm{Y})$ ; $F(T)\in A[[T]],$ $F(T)\equiv 0$ mod $\deg 1$ }
. ,
$B^{2}(\hat{\mathrm{G}}_{a,A}, \mathrm{G}\hat a,A)\subset Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{a,A}$ ) $\subset Z^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{a,A}$ )
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, Hochschild cohomology Hochschild cohomology
$H^{2}$ (G ,A, $\hat{\mathrm{G}}_{a,A}$ ) $=Z^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{a,A}$ ) $/B^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{a}$ ,A),
$H_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$lA, $\hat{\mathrm{G}}_{a,A}$ ) $=Z_{0}^{2}(\hat{\mathrm{G}}_{a,A}, \mathrm{G}\hat a,A)/B^{2}(\hat{\mathrm{G}}_{a,A\}}\hat{\mathrm{G}}_{a,A})$
$<$ .
, :
1) $H^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$ , $\hat{\mathrm{G}}_{a,A}$ $\hat{\mathrm{G}}_{m,A}$ $A$-scheme split
.
2) $H_{0}^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$ , $\hat{\mathrm{G}}_{a}$ ,A $\hat{\mathrm{G}}_{m,A}$ $A$-scheme split
.
3) $H^{2}$ ( $\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a}$ ,A) $\hat{\mathrm{G}}_{a}$ ,A $\hat{\mathrm{G}}_{a}$,A .
4) $H_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{a,A}$ ) $\hat{\mathrm{G}}_{a}$ ,A $\hat{\mathrm{G}}_{a}$,A .
2.4. , $F(T)\in \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A}),$ $G$(X, $\mathrm{Y}$) $\in Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a,A})$ .
, $F(G(X, \mathrm{Y}))\in Z^{2}$( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A) . , $a=(a_{r})_{r\geq 0}\in$
$\mathrm{K}\mathrm{e}\mathrm{r}$ [$F:W(A)arrow W($A)] ,
$E_{p}(a;T)= \prod_{r\geq 0}E_{p}(a_{r}T^{p^{r}})=\prod_{r\geq 0}[\sum_{i=0}^{p-1}\frac{(a_{r}T^{p^{r}})^{i}}{i!}]\in \mathrm{H}\mathrm{o}\mathrm{m}_{A-\mathrm{g}\mathrm{r}}(\hat{\mathrm{G}}_{a,A\}}\hat{\mathrm{G}}_{m},A)$
. ,
$X\mathrm{Y}^{p^{r}}\in Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)\subset Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{a},A)$ $(r>0)$
,
$E_{p}$(a; $X\mathrm{Y}^{p^{r}}$ ) $\in Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$
.
, $\hat{\mathrm{G}}_{m,A}$ $\hat{\mathrm{G}}_{a,A}$ 2-cocycle .
,
2.5. $A$ $\mathrm{F}_{p}$ . , $(a_{r})_{r\geq 1} \mapsto\prod_{r\geq 1}E$p(ar; $X\mathrm{Y}^{p^{r}}$ )
$\xi$ : $(\mathrm{K}\mathrm{e}\mathrm{r}[F:W(A)arrow W(A)])^{\mathrm{N}}arrow H^{2}$( $\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}$m,$A$ )/H0 $(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)$,
$\xi$ : $(\mathrm{K}\mathrm{e}\mathrm{r}[F:\overline{W}(A)arrow\overline{W}(A)])^{(\mathrm{N})}arrow H2$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,$A$ )/H02 ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,$A$ )
.
2.6. [2] , $U=$ $(U_{0}, U1, U_{2}, \ldots)$ $F_{p}(U;X, \mathrm{Y})\in \mathbb{Z}_{(p)}[U][[X, \mathrm{Y}]]$
$F_{p}(U;X, \mathrm{Y})=\prod_{r\geq 0}F_{p}(U_{r};X^{p^{r}}, \mathrm{Y}^{p^{r}})$
185
. ,
$F_{p}$ (U). $X,$ $\mathrm{Y}$) $= \exp(\sum_{i\geq 1}U^{p^{i-1}}\dot{.}\frac{X^{p}+\mathrm{Y}^{p}-(X+\mathrm{Y})^{p^{i}}}{p^{i}}\dot{.})$
. [2] .
2.7. $A$ $\mathrm{F}_{p}$ , $P$ (X, $\mathrm{Y}$) $\in Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m,A})$ (resp. $Z^{2}(\mathrm{G}_{a,A},$ $\mathrm{G}_{m,A})$ ) .
, $P$ (X, Y) ,
$F_{p}(b;X, \mathrm{Y})\prod_{r\geq 1}E_{p}(a_{r};X\mathrm{Y}^{p^{r}})$
2-cocycle cohomologous . , $b\in W(A),$ $(a_{r})_{r\geq 1}\in$ (Ker[F:
$W(A)arrow W(A)])^{\mathrm{N}}$ (resp. $b\in\hat{W}(A),$ $(a_{r})_{r\geq 1}\in(\mathrm{K}\mathrm{e}\mathrm{r}[F$ : $\overline{W}(A)arrow\overline{W}($A)])(N)) .
3,
3.1. ,- 3 .
[1] , $A$ $H^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a,A})$ .
, $A$ $\mathrm{F}_{\mathrm{p}}$ :
(A) $A$ $\mathrm{F}_{p}$ . $P(X, \mathrm{Y})\in Z^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,A) , $P(X, \mathrm{Y})$ ,
$\sum_{r\geq 1}a_{r}\frac{(X+\mathrm{Y})^{p^{r}}-X^{p^{r}}-\mathrm{Y}^{p^{r}}}{p}+\sum_{0\leq i<j}b_{ij}X^{p^{:}}\mathrm{Y}^{\dot{P}}$ , $a_{r},$ $b_{ij}\in A$
2-cocycle cohomologous .
[2] , $A$ $\mathrm{F}_{p}$ $H_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,A) :
(B) $A$ $\mathrm{F}_{p}$ . , $a\mapsto F_{p}$ (a; $X,$ $\mathrm{Y}$)
$\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[F:\overline{W}(A)arrow\overline{W}(A)]arrow H_{0}^{2}$($\sim \mathrm{G}_{a,A},$ $\mathrm{G}_{m}$ ,A),
$\mathrm{C}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}[F : W(A)arrow W(A)]arrow H_{0}^{2}(\sim\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)$
.
, , :
(C) $A$ $\mathrm{F}_{p}$ . , $G$ (X, $\mathrm{Y}$) $\in Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,A) $G(X, \mathrm{Y})$ $l$
,
$F(X,\mathrm{Y})\equiv 1+G(X, \mathrm{Y})$ mod $\deg(l+1)$
$F$(X, $\mathrm{Y}$) $\in Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$m,A) .
, .
188
3.2. $A$ $\mathrm{F}_{p}$ , $F$ (X, $\mathrm{Y}$) $\in Z^{2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{m,A}$ ) . ,
$F(X, \mathrm{Y})\equiv 1$ mod $\deg(p^{r}+1)$ $(r>0)$
,
$F(X, \mathrm{Y})\overline{F}(X, \mathrm{Y})^{-1}\equiv\sum_{k=0}^{p-1}\frac{1}{k!}\{a_{r,0}X\mathrm{Y}^{p^{r}}+a_{r-1,1}X^{p}\mathrm{Y}^{p^{r}}+\cdots+ a1,r-1Xp^{r-1}\mathrm{Y}pr\}^{k}$
mod $\deg p(p^{r}+1)$
$\overline{F}(X, \mathrm{Y})\in Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{m,A}$ ) $a_{r,0},$ $a_{r-1,1},1$ . . : $a_{1,r-1}\in A$ .
.





$\overline{F}(X, \mathrm{Y})\in Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a}$,A, $\hat{\mathrm{G}}_{m,A}$ ) $a_{r,0},$ $a_{r-1,1},$ $,$ . . , $a_{1,r-1}\in A$ ,
$l(0\leq l\leq p-2)$ .
Step 1.
$F(X, \mathrm{Y})\equiv 1+H(X, \mathrm{Y})$ mod $\deg 2(p^{r}+1)$
. ,
$H(X, \mathrm{Y})=\sum_{i=p^{r}+1}^{2(p^{r}+1)-1}H_{i}(X, \mathrm{Y})$ ,
$H_{i}$ (X, Y) $i$ . $F$ (X, Y)
$F(X, \mathrm{Y})F(X+\mathrm{Y}, Z)=F(X, \mathrm{Y}+Z)F(\mathrm{Y}, Z)$
, $H_{i}$ (X, Y)
$H_{i}$ (X, Y) $H_{i}(X+\mathrm{Y}, Z)=H_{i}$ (X, $\mathrm{Y}+Z$) $H_{i}$ (Y, $Z$)
,
$H(X, \mathrm{Y})+H(X+\mathrm{Y}, Z)=H(X, \mathrm{Y}+Z)+H(\mathrm{Y}, Z)$
. , (A)
$H(X, \mathrm{Y})=\tilde{H}(X, \mathrm{Y})+$ {a$r$, $0$XY$p^{r}+ar-1,1Xp$Y$pr+\cdot$ . . $+a1,r-1$X$p^{r-1}$Y$p^{r}$ }
$\sim$. $\tilde{H}(X, \mathrm{Y})\in Z_{0}^{2}$ ( $\mathrm{G}_{a,A},$ $\mathrm{G}$a,A) $a_{r,0},$ $a_{r-1,1},$ $\cdot\cdot$ . , $a_{1,r-1}\in A$ .
, $\tilde{H}(X, \mathrm{Y})$ . (C)
$\tilde{F}(X, \mathrm{Y})\equiv 1+\tilde{H}(X, \mathrm{Y})$ mod $\deg 2(p^{r}+1)$
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$\overline{F}(X, \mathrm{Y})\in Z_{0}^{\ulcorner 2}$ ( $\hat{\mathrm{G}}_{a}$ ,A, $\hat{\mathrm{G}}_{m}$,A) ,
$F^{\gamma}$(X, $\mathrm{Y}$) $\overline{F}(X, \mathrm{Y})^{-1}\equiv 1+$ {a$r$ , $0$XY$p^{r}+a_{r-}1,1Xp$Y$p^{r}+\cdots+a_{1,r-1}X^{p^{r-1}}\mathrm{Y}^{p^{r}}$}
mod $\deg 2(p^{r}+1)$
.
Step 2. , $l\leq p-2$
$F(X, \mathrm{Y})\equiv\sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y})^{k}+H(X, \mathrm{Y})$ mod $\deg(l+2)(p^{r}+1)$
. ,
$H$(X, $\mathrm{Y}$) $= \sum_{i=(l+1)(p^{r}+1)}^{(l+2)(p^{r}+1)-1}H_{i}$ (X, $\mathrm{Y}$),
$H_{i}$ (X, Y) $i$ ,
$G(X, \mathrm{Y})=a_{r,0}X\mathrm{Y}^{p^{r}}+ar-1,1Xp$Y$p^{r}+\cdot$ . . $+a1,r-1$X$p^{r-1}$Yp$r$
. ,
($\sum_{k=0}^{l}\frac{1}{k!}$ $Xk$) $( \sum_{k=0}^{l}\frac{1}{k!}\mathrm{Y}$Y$k)-$ $\mathrm{i}\frac{1}{k!}(X+\mathrm{Y}Y\equiv\frac{1}{(l+1)!}\{(X+\mathrm{Y})^{l+1}-X^{l+1}-\mathrm{Y}^{l+1}\}$
mod $\deg(l+2)$
,
$( \sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y})^{k})(\sum_{k=0}^{l}\frac{1}{k!}G(X+\mathrm{Y}, Z)^{k})\equiv\sum_{k=0}^{l}\frac{1}{k!}((X, \mathrm{Y})+G(X+\mathrm{Y}, Z))^{k}$
$+ \frac{1}{(l+1)!}\{(G(X, \mathrm{Y})+G(X+\mathrm{Y}, Z))^{l+1}-G(X, \mathrm{Y})^{l+1}-G(X+\mathrm{Y}, Z)^{l+1}\}$
mod $\deg(l+2)(p^{r}+1)$
$( \sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y}+Z)^{k})(\sum_{k=0}^{l}\frac{1}{k!}G(\mathrm{Y}Z)^{k})\equiv\sum_{k=0}^{l}\frac{1}{k!}(G(X, \mathrm{Y}+Z)+G(\mathrm{Y}, Z))^{k}$
$+ \frac{1}{(l+1)!}\{(G(X, \mathrm{Y}+Z)+G(\mathrm{Y}, Z))^{l+1}-G(X, \mathrm{Y}+Z)^{l+1}-G(\mathrm{Y}, Z)^{l+1}\}$
mod $\deg(l+2)(p^{f}+1)$
. , $F$(X, Y)
$F(X, \mathrm{Y})F(X+\mathrm{Y}, Z)=F(X, \mathrm{Y}+Z)F(\mathrm{Y}, Z)$
188
,
$\{\sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y})^{k}+H(X, \mathrm{Y})\}\{\sum_{k=0}^{l}\frac{1}{k!}G(X+\sum Z)^{k}+H(X+\mathrm{Y}, Z)\}$
$\equiv\{\sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y}+Z)^{k}+H(X, \mathrm{Y}+Z)\}\{\sum_{k=0}^{l}\frac{1}{k!}G(\mathrm{Y}, Z)^{k}+H(\mathrm{Y}, Z)\}$
mod $\deg(l+2)(p^{r}+1)$
. , $i((l+1)(p^{r}+1)\leq i\leq(l+2)(p^{r}+1)-1)$ ,
$H(X, \mathrm{Y})+H(X+\mathrm{Y}, Z)$
$+ \frac{1}{(l+1)!}\{(G(X, \mathrm{Y})+G(X+\mathrm{Y}, Z))^{l+1}-G(X, \mathrm{Y})^{l+1}-G(X+\mathrm{Y}, Z)^{l+1}\}$
$=H(X, \mathrm{Y}+Z)+H(\mathrm{Y}, Z)$
$+ \frac{1}{(l+1)!}\{(G(X, \mathrm{Y}+Z)+G(\mathrm{Y}, Z))^{l+1}-G(X, \mathrm{Y}+Z)^{l+1}-G(\mathrm{Y}, Z)^{l+1}\}$
. $G(X, \mathrm{Y})$
$G(X, \mathrm{Y})+G(X+\mathrm{Y}, Z)=G(X, \mathrm{Y}+Z)+G(\mathrm{Y}, Z)$
,
$H(X, \mathrm{Y})+H(X+\mathrm{Y}, Z)-\frac{1}{(l+1)!}G(X, \mathrm{Y})^{l+1}-\frac{1}{(l+1)!}G(X+\mathrm{Y}, Z)^{l+1}$
$=H(X, \mathrm{Y}+Z)+H(\mathrm{Y}, Z)-\frac{1}{(l+1)!}G(X, \mathrm{Y}+Z)^{l+1}-\frac{1}{(l+1)!}G(\mathrm{Y}, Z)^{l+1}$
. ,
$\overline{H}(X, \mathrm{Y}):=H(X, \mathrm{Y})-\frac{1}{(l+1)!}G(X, \mathrm{Y})^{l+1}\in Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{a},A)$ $(1)$
. , Step 1 ,
$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}$
$\equiv$ $\{\sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y})^{k}+H(X, \mathrm{Y})\}\{1-\tilde{H}(X, \mathrm{Y})\}$
$\equiv$ $\sum_{k=0}^{l}\frac{1}{k!}G(X, \mathrm{Y})^{k}+\frac{1}{(l+1)!}G(X, \mathrm{Y})^{l+1}$ mod $\deg(l+2)(p^{r}+1)$
$\tilde{F}(X, \mathrm{Y})\in Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A) .
3.3. $A$ $\mathrm{F}_{p}$ , $F$(X, $\mathrm{Y}$) $\in Z^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A) . , $r>0$ ,
$a_{r,0},$ $a_{r-1,1},$ $)\cdot\cdot,$ $a_{1,r-1}\in A$ ,
$F$(X, $\mathrm{Y}$) $\equiv\sum_{k=0}^{p-1}\frac{1}{k!}\{a_{\mathrm{r},0}X\mathrm{Y}^{p^{r}}+a_{\tau-1,1}X^{p}\mathrm{Y}^{p^{r}}+\cdots+a_{1,r-1}X^{p^{r-1}}\mathrm{Y}^{p^{r}}\}^{k}$ mod $\mathrm{d}$eg $p(p^{r}+1)$
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,
$a_{r}^{p}$,$0=a_{r-1}^{p},1=$ . . . $=a_{1}^{p}$ ,$r-1=0$ .
. , . ,
$F(X, \mathrm{Y})F(X+\mathrm{Y}, Z)=F(X, \mathrm{Y}+Z)F(\mathrm{Y}, Z)$
, $X\mathrm{Y}^{p-1}Z^{p^{r-1}},$ $X\mathrm{Y}^{p^{r-t}}Z^{p-1},$ $X^{p^{r-1}}\mathrm{Y}Z^{p-1}(0\leq l\leq r-1)$
.
3.4. , 2.5 . $\xi$
. , .
$F$ (X, $\mathrm{Y}$) $\in Z^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A) . , $F$ (X, $\mathrm{Y}$) $\equiv 1$ mod $\deg 1$
. , 3.2 ,
$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}\equiv 1$ mod $\deg 2p$
$\tilde{F}(X, \mathrm{Y})\in Z_{0}^{2}$ ( $\hat{\mathrm{G}}_{a,A},$ $\mathrm{G}$^m,A) . $F$ (X, $\mathrm{Y}$) $\overline{F}(X, \mathrm{Y})^{-1}$
$F$ (X, Y) ,
$F(X, \mathrm{Y})\equiv 1$ mod $\deg(p+1)$
. , 3.2 $r=1$ ,
$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}\equiv\sum_{k=0}^{p-1}\frac{1}{k!}\{a_{1,0}X\mathrm{Y}^{p}\}^{k}$ mod $\deg p(p+1)$




$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}\equiv E_{p}(a_{1,0}X\mathrm{Y}^{p})$ mod $\deg p(p+1)$
,
$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}E_{p}(a_{1,0}X\mathrm{Y}^{p})^{-1}\equiv 1$ mod $\deg p(p+1)$
. ,
$F(X, \mathrm{Y})\tilde{F}(X, \mathrm{Y})^{-1}E_{p}(a_{1,0}X\mathrm{Y}^{p})^{-1}\in Z^{2}(\hat{\mathrm{G}}_{a,A},\hat{\mathrm{G}}_{m},A)$
. $F$(X, $\mathrm{Y}$) $\tilde{F}(X, \mathrm{Y})^{-1}E_{p}(a1,0X\mathrm{Y}^{p})^{-1}$ $F$ (X, Y) ,





$= \prod\prod E$p $(a_{r-j,j}X^{p^{j}} \mathrm{Y}^{p^{r}})=\prod\prod E$p(ar,jXpj $\mathrm{Y}^{p^{r+j}}$ ) $= \prod E$p(ar; $X\mathrm{Y}^{p^{r}}$ )
$r=$ l $j=0$ $r=1j=0$
$F$ (X, $\mathrm{Y}$) $\in Z_{0}^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m,A})$ . , $\xi$
.
, .
35. $A$ $\mathrm{F}_{p}$ , $F$ (X, $\mathrm{Y}$) $\in Z^{2}(\mathrm{G}_{a,A}, \mathrm{G}_{m_{1}A})\subset A[X, \mathrm{Y}]^{\mathrm{x}}$ . ,
$F(X, \mathrm{Y})\overline{F}$( $X$ , Y)
$-1= \prod_{r>1}E_{p}(a_{r};X\mathrm{Y}^{\mathrm{P}^{r}})$




$= \prod_{k\not\in \mathrm{P}}\{E_{p}(a_{k}X^{k})E_{p}(a_{k}\mathrm{Y}^{k})E_{p}(a_{k}(X+\mathrm{Y})^{k})^{-1}\}\prod_{l\geq 0}F_{p}(b_{l;}X^{p^{t}}, \mathrm{Y}^{p^{t}})\prod_{r=1j}^{\infty}\prod_{=0}^{r-1}E_{p}$( $a_{r-j,j}X^{p^{j}}\mathrm{Y}^{p}$r )
. , $\mathrm{P}=\{pr; r\geq 0\}$ . $F$ (X, Y)
6 , $a_{k}$ 0, $b=(b_{l})_{l\geq 0}\in\overline{W}(A),$ $(a_{r})_{r\geq 1}\in(\mathrm{K}\mathrm{e}\mathrm{r}[F$ :
$\overline{W}(A)arrow\overline{W}$ (A) $])$ (N) .
$F$(X, Y) $N,$ $F$ (X, Y) 1 $A$
$a$ . , $F$(X, Y) , $a$ .
, $a_{p^{\mathrm{t}+1}}=b_{l}$ ,
$F_{k}(X, \mathrm{Y})=\{$
$F_{\mathrm{p}}(a_{p^{t+1}} ; X^{p^{l}}, \}p^{l})$ if $k=pl+1(l\geq 0)$
$\frac{E_{p}(a_{k}X^{k})E_{\mathrm{p}}(a_{k}\mathrm{Y}^{k})}{E_{p}(a_{k}(X+\mathrm{Y})^{k})}E_{p}(a_{r-j,j}X^{p^{j}}\mathrm{Y}^{p^{\mathrm{r}}})$ if $k=\dot{\psi}+p^{r}(0\leq j<r)$
$\frac{E_{p}(a_{k}X^{k})E_{p}(a_{k}\mathrm{Y}^{k})}{E_{p}(a_{k}(X+\mathrm{Y})^{k})}$ otherwise
,




$1+a_{p^{t+1}} \frac{X^{p^{l+1}}+Y^{p^{l+1}}-(X+Y)^{p^{l+1}}}{p}$ if $k=pl+1(l\geq 0)$
$1+a_{k}\{X^{k}+\}k-$ (A $+$ Y) $k\}+ar-j,jX^{p^{j}}Y^{p^{r}}$ if $k=p^{i}+p^{r}(0\leq j<r)$
$1+a_{k}\{X^{k}+Y^{k}-(X+Y)^{k}\}$ otherwise
. ,
$F_{k}(X, \mathrm{Y})=1+$l $\sum b_{ij}X^{i}\mathrm{Y}^{j}$ , $b_{ij}\in A$
$l\geq ki+j=l$
, $i+j=k$ $(i, j)$ $b_{ij}\in a^{s}$ , $i+j>k$





$(s-1)N<k\leq N$ $a_{k}\in a^{s}$
$(s-1)N<p^{j}+p^{r}\leq N$ $a_{r-j,j}\in a^{\mathit{8}}$ .
, $a_{k}$ $a_{r-j,j}$ $k$ $(r,j)(0\leq j<r)$ ,
$a_{k}=0,$ $a_{r-j,j}=0$ .
. [3] .
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